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Objective: To examine the association between osteoarthritis (OA) pain characteristics and symptom
acceptability.
Design: Using a cross-sectional study design in a knee OA cohort we assessed socio-demographics, knee
pain characteristics (Intermittent and Constant Osteoarthritis Pain (ICOAP); higher scores worse), fre-
quency of intermittent pain ‘without warning’ (unpredictable) or ‘after a trigger’ (predictable) (never to
very often) and the acceptability of knee pain symptoms (yes/no). Using logistic regression, we examined
the relationship between pain characteristics and symptom acceptability.
Results: 136 cohort members’ participated (mean age 74 years, SD 9.5; 54% female). Most (97%) reported
intermittent pain (mean ICOAP intermittent score 36.8, SD 19.7) and 62 (46%) reported constant pain
(mean ICOAP constant score 46.7, SD 20.2). Of those with intermittent pain, 42% reported frequent (often/
very often) predictable pain and 27% frequent unpredictable pain. 35% reported “unacceptable” knee
symptoms. In multivariable analysis, the odds of reporting an unacceptable symptom state increased
with increasing intermittent knee pain scores and the effect was greater for those with vs without
frequent unpredictable intermittent pain (adjusted OR per 10-point increase in ICOAP intermittent score
3.31, 95% conﬁdence interval (CI) 1.38e7.97 vs 1.23, 95%CI 0.88e1.74, respectively; P value for the
interaction ¼ 0.03).
Conclusion: In a community cohort with symptomatic knee OA, both the severity and predictability of
intermittent knee pain contributed to symptom state acceptability. Unpredictable intermittent knee pain
was more likely to be associated with an unacceptable symptom state than predictable intermittent pain.
Research is warranted to elucidate potentially modiﬁable determinants of unpredictable intermittent
pain in people with knee OA.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) is the most common form of arthritis,
affecting one in eight Canadians1. OA is characterized by joint pain
resulting in functional limitations, sleep disruption, fatigue, mood
disturbance, and increased health care use2e7. Thus, efforts to
reduce the impact of OA in the population must incorporate stra-
tegies to address OA pain. A ﬁrst step towards this goal is the
development of valid, reliable and responsive measures of the OA
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s Research Society International. PIn prior research carried out under the auspices of the Osteo-
arthritis Research Society InternationaleOutcomes Measures in
Rheumatology Clinical Trials (OARSIeOMERACT) OA pain initia-
tive8e10, focus groups were conducted to examine the pain expe-
rience of people with hip/knee OA from early to late disease,
including those aspects of the OA pain experience that were
considered most distressing. Two distinct types of OA pain were
identiﬁed: an aching and fairly constant background pain; and a
less frequent, but more intense and often unpredictable intermit-
tent pain. Of these, intense intermittent pain, particularly when
unpredictable, was reported to have the greatest impact on quality
of life (e.g., mobility, mood and sleep)9. Based on these ﬁndings, the
OARSIeOMERACT OA pain measure e the Intermittent and Con-
stant Osteoarthritis Pain (ICOAP)11 e was developed. Work to date
has conﬁrmed the reliability, validity and responsiveness of the
ICOAP11e13.ublished by Elsevier Ltd. All rights reserved.
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respect to the inﬂuence of different types of OA pain, including its
predictability, on patients’ assessments of the acceptability of their
OA symptoms14,15. Patient acceptable symptom state (PASS) is
deﬁned as “the value beyond which patients consider themselves
well”15. It represents the concept of well-being or remission of
symptoms and is considered a clinically relevant outcome for the
patient15. Knowing the PASS for a measure enables better under-
standing of study results, which aids in the treatment decision-
making process by patients and physicians. Based on our qualita-
tive ﬁndings of the features of OA pain that participants foundmost
distressing and that negatively affected their well-being9, we hy-
pothesized that among individuals with knee OA the likelihood of
reporting an unacceptable knee OA symptom state would be
greater in those with more severe intermittent and constant
pain and, for those with similar levels of intermittent pain
severity, would be greater in those whose intermittent pain was
unpredictable.
Methods
Study population
This cross-sectional study capitalized on an existing community
cohort of individuals aged 45þ years with hip or knee OA. The
cohort was initially recruited from a survey of 100% of the popu-
lation of two Ontario counties between 1996 and 1998 to identify
those with painful, disabling hip or knee OA16,17. At recruitment,
cohort members met the following criteria: difﬁculty in the past 3
months with each of stair climbing, arising from a chair, standing
and walking; swelling, pain, or stiffness in any joint lasting 6
weeks in the past 3 months; and indication on a joint homunculus
that a hip or knee was “troublesome”. The positive predictive value
of these criteria for hip/knee arthritis on radiographs and joint
examination was 96%16. Annual follow-up has been by mail and
telephone interviews.
The current study (Dec 2011eMay 2012) utilized data collected
from a cohort sub-study conducted to gain greater understanding
of the magnitude of change in ICOAP scores that might be
considered clinically meaningful, and whether they differed by
patient gender or baseline pain severity. Cohort members who
reported at least one painful knee on their most recent assessment
were mailed a study information letter. 2 weeks post mailing, the
study coordinator telephoned to conﬁrm eligibility (a positive
response to the question: “In the past 48 h, have you experienced
pain in one or both of your knees?”), determine their interest in
participating, and answer any questions they might have. To
detect a mean effect of 10 points on the ICOAP normalized scores,
and using a standard deviation (SD) in baseline scores of 25, 80%
power, two-sided alpha 0.05, and an expected 80% participation
rate, 124 participants needed to be recruited. To enable compari-
sons by gender and to ensure sufﬁcient variability in baseline pain
severity, among eligible and interested participants, approxi-
mately equal numbers of men and women with a range of re-
ported knee pain severities (based on an 11-point Numeric Rating
Scale) were recruited.
Assessments
Using a standardized telephone interview, study participants
were asked to report their most painful knee in the ‘past 48 h’. The
ICOAP was then completed for that knee. The ICOAP is comprised of
11 items in two subscales: a 5-item scale for ‘constant knee pain’
and a 6-item scale for ‘knee pain that comes and goes’. Item re-
sponses are on a 5-point scale from ‘not at all’ (0) to ‘extremely’ (4)(for items asking about intensity) or ‘never’ (0) to ‘very often’ (4)
(for items about frequency)18. Subscale scores are created by
summing item scores and normalizing the score from 0 (no pain) to
100 (extreme pain). A total ICOAP score is calculated by summing
the subscale scores and normalizing from 0 (no pain) to 100
(extreme pain). In prior work, the ICOAP was found to be psycho-
metrically sound: reliability (Cronbach’s alpha of 0.93; intraclass
correlation coefﬁcient of 0.85 [95% conﬁdence interval (CI) 0.76e
0.91]), validity (ICOAP scores are signiﬁcantly correlated with
scores on the Western Ontario and McMaster Universities Osteo-
arthritis Index pain scale [rho of about 0.8], the Knee Injury and OA
Outcome Score symptoms scale, and self-rated effect of hip/knee
[rho of about 0.6]), and responsiveness to changes in OA pain
following both pharmacological and surgical intervention11e13.
Those with intermittent pain were additionally asked to report the
frequency with which the pain occurs ‘without warning’ (i.e., un-
predictably) and ‘after a trigger’ (i.e., predictably), from 0 (never) to
4 (very often). Finally, they were asked: “Think about all the ways
your knee OA has affected you during the last 48 h. If you were to
remain in the next fewmonths as you were the last 48 h would this
be acceptable or unacceptable to you?” Participants’ socio-
demographic characteristics (gender, age, level of education,
living arrangements, and number of comorbid conditions) were
obtained from their most recent cohort assessments.
Statistical analysis
Participants in the parent study were assessed at two time
points, 2 weeks apart; the current study utilized data collected at
the ﬁrst time point. Descriptive statistics were calculated for all
data and expressed as means (standard deviations [SD], ranges),
medians (inter-quartile ranges [IQR]), and proportions as appro-
priate. The Spearman rho correlations between ICOAP subscale
scores and the frequency of each of ‘pain after a trigger’ (predictable
pain) and ‘pain without warning’ (unpredictable pain) were
calculated. Characteristics of participants who reported an accept-
able vs unacceptable symptom state were compared using a Stu-
dent’s t test for continuous variables or chi-square test for
categorical variables. Unpredictable and predictable intermittent
pain were considered as frequent if participants reported ‘pain
without warning’ and ‘pain after a trigger’, respectively, as occur-
ring ‘often’ or ‘very often’. Participants were considered as having
constant or intermittent pain if their scores on the ICOAP constant
and intermittent subscales, respectively, were greater than 0. Those
with scores of 0 were considered to have no intermittent or con-
stant knee pain, respectively. Logistic regression models were used
to investigate the relationship between knee pain characteristics
(ICOAP subscale scores, the presence of frequent unpredictable and
frequent predictable intermittent pain, and an interaction between
intermittent scale score and unpredictable OA pain) and having
reported an unacceptable symptom state (yes vs no). Additional
covariates considered were the patient age (years), gender, level of
education (high school; >high school), living arrangement (alone
vs with others), and number of comorbid conditions (0, 1e2,
3þ)15,19,20,21. In a secondary exploratory analysis, we used Receiver
Operating Characteristic (ROC) curves to evaluate the ability of
ICOAP scores to discriminate those who did vs did not report an
acceptable symptom state. An ‘area under the ROC curve’ (AUC) of
0.7e0.8 was deﬁned a priori as indicating good accuracy, while an
AUC > 0.8 indicated excellent accuracy22. The score threshold
values that provided optimal discrimination were determined.
Analyses were conducted using SAS 9.3 and R 2.15.1.
The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement for cross-sectional studies was
used to report our ﬁndings23.
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The parent study recruited 136 study participants. Based on the
Peduzzi et al.24 (1996) published simulation studies suggesting that
logistic models will produce reasonably stable estimates if the
limiting sample size allows a ratio of approximately 10e15 obser-
vations per predictor, and assuming one-third of study participants
would report an unacceptable symptom state (w45 subjects), we
estimated that we would have sufﬁcient power to include a
maximum of four predictors in our multivariate model (ICOAP
intermittent and constant scores, pain predictability and interac-
tion between ICOAP intermittent and pain predictability).B
Fig. 1. Relationship between ICOAP intermittent scale scores and frequency of reported
pain “After a Trigger” and “Without Warning”.Results
Sample characteristics
Of 940 OA cohort members in 2012, 203 were approached for
the parent sub-study. Of these, 136 (response rate ¼ 70%)
completed the interview and were included in our analyses. Their
mean age was 74 years (SD 9.5), 54% female, and 63% with high
school education. Most participants (97%) reported intermittent
pain (mean (SD) ICOAP intermittent subscale score 36.8 (19.7)). For
four participants (2.9%) values for the ICOAP predictability items
were missing. Intermittent knee pain was more often reported as
frequently predictable (42%) than frequently unpredictable (27%);
of those who reported frequently unpredictable pain, 58% also re-
ported frequently predictable pain. ICOAP intermittent scores were
positively correlated with the frequency of reporting both unpre-
dictable and predictable intermittent pain (Spearman rho 0.65 [95%
CI: 0.54e0.74], P < 0.01 and 0.40 [95%CI: 0.25e0.53], P < 0.01,
respectively) (Fig. 1). Fewer than half the participants (46%) re-
ported constant knee pain; for those who did, the mean (SD)
constant pain score was 46.7 (20.2).
Approximately one-third of participants (35%) reported their
knee OA symptoms to be “unacceptable”. Compared with those
who reported their symptoms as acceptable, those with unac-
ceptable knee OA symptoms were more likely to be female (68% vs
46%, P ¼ 0.02) and to live alone (53% vs 33%, P ¼ 0.03), had higher
(worse) ICOAP scores (mean intermittent pain scores 48.0 vs 31.0,
P < 0.01; mean constant pain scores 55.3 vs 38.1, P < 0.01), and
were more likely to report any constant pain (66% vs 35%, P < 0.01)
and both frequent unpredictable (51% vs 14%, P < 0.0001) and
frequent predictable intermittent knee pain (60% vs 33%,
P ¼ 0.02) (Table I).Results of multivariable logistic regression: correlates of an
unacceptable symptom state
Reporting an unacceptable knee OA symptom state was inde-
pendently and signiﬁcantly associated with an interaction between
intermittent pain severity and frequent unpredictable knee pain.
The odds of reporting an unacceptable symptom state increased
with worsening ICOAP intermittent pain scores, but the effect was
greater for those with vs without frequent unpredictable inter-
mittent pain (adjusted OR per 10-point increase in ICOAP inter-
mittent score for thosewith vswithout frequent unpredictable pain
3.31, 95%CI: 1.38e7.97 and 1.23, 95%CI: 0.88e1.74, respectively; P
value for the interaction¼ 0.03). Moreover, for participants with an
ICOAP intermittent score of 50 (the threshold value for PASS), and
controlling for constant pain severity, the odds of reporting an
unacceptable symptom state were 4.9 (95%CI: 1.56e15.38) times
greater for those with vs without frequent unpredictable inter-
mittent pain (Table II). Controlling for intermittent knee painseverity and predictability, we found no independent effect for
constant knee pain, age, gender, or living circumstances.Secondary analysis
ICOAP subscale and total scores had good discriminant validity
for identifying those who reported their symptoms as acceptable vs
unacceptable (AUCs ¼ 0.71e0.78) (Fig. 2). A cut-point value of 26/
100 on the ICOAP total score provided optimal discrimination of the
two groups; ICOAP total scores <26 were associated with 67%
sensitivity and 75% speciﬁcity for identifying individuals with an
acceptable knee OA symptom state. When the total score was
replaced with the two subscale scores, the optimal cut-point for
both subscales was 50/100. For the intermittent subscale, scores
<50 were associated with 85% sensitivity and 60% speciﬁcity for
identifying individuals with an acceptable symptom state. The
corresponding sensitivity and speciﬁcity for a constant subscale
score <50 were 90% and 55%, respectively (Table III).
Table I
Study participant characteristics
Characteristic Knee OA symptom state P value
Acceptable
N ¼ 89
Unacceptable
N ¼ 47
Age, mean (SD) 74.1 (9.3) 74.7 (10.1) 0.76
Female (n (%)) 41 (46%) 32 (68%) 0.02
Education e high school or
less (n (%))
57 (64%) 28 (60%) 0.86
Living arrangement, alone,
independent (n (%))
29 (33%) 25 (53%) 0.03
Comorbid conditions (n (%)) 0.83
0 12 (14%) 9 (19%)
1e2 53 (60%) 25 (53%)
3 24 (27%) 13 (28%)
ICOAP scores
Intermittent, mean (SD) 31.0 (16.5) 48.0 (20.7) <0.01
Constant, median (IQR)* 38.1 (16.7) 55.3 (20.0) <0.01
No constant pain e n (%) 58 (65%) 16 (34%) <0.01
Total, mean (SD) 22.9 (15.3) 42.8 (21.3) <0.01
Frequency of pain without warning (n (%))
Never/rarely 27 (30%) 8 (17%) <0.01
Sometimes 48 (54%) 13 (28%)
Often/very Often 12 (14%) 24 (51%)
Number of missing values (n (%)) 2 (2%) 2 (4%)
Frequency of triggered Pain (n (%))
Never/Rarely 18 (20%) 6 (13%) 0.02
Sometimes 40 (45%) 11 (23%)
Often/very Often 29 (33%) 28 (60%)
Number of missing values (n (%)) 2 (2%) 2 (4%)
* For those with non-zero values for ICOAP constant pain.
Fig. 2. Results of receiver operating curve analyses: ability of ICOAP subscale and total
scores to discriminate individuals who did vs did not report an acceptable symptom
state.
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In a community cohort with knee OA, we conﬁrmed previous
qualitative research ﬁndings by showing quantitatively that the
likelihood of reporting an unacceptable symptom state was greater
for thosewithmore severe intermittent and constant OA knee pain,
as measured using the ICOAP. Further, taking into consideration the
intensity of reported intermittent pain, those whose pain was
frequently unpredictable were more likely to report their symp-
toms as unacceptable. Our ﬁndings provide further evidence of theTable II
Results of logistic regression analyses e correlates of a patient-reported unaccept-
able knee OA symptom state (n unacceptable ¼ 45, n total ¼ 132)
Independent variables Dependent variable ¼ unacceptable
symptom state (yes vs no)
Odds ratio (95% CI) P value
Unadjusted estimates
ICOAP constant pain score
(per 10-unit increase)
1.39 (1.20e1.61) <0.01
ICOAP intermittent pain score
(per 10-unit increase)
1.68 (1.34e2.11) <0.01
Presence of frequent unpredictable
pain
7.14 (3.07e16.63) <0.01
Adjusted estimates
Independent variables: ICOAP constant þ ICOAP intermittent þ pain
predictability þ interaction between ICOAP intermittent and
pain predictability
Constant pain score
(per 10-unit increase)
1.15 (0.93e1.41) 0.20
Intermittent pain score
(per 10-unit increase)
0.03
With presence of frequent
unpredictable pain
3.31 (1.38e7.97)
Without frequent unpredictable
pain
1.23 (0.88e1.74)
Model c-statistic¼ 0.79; Hosmer and Lemeshow goodness-of-ﬁt test, P value¼ 0.56.
Slope shrinkage factor ¼ 0.91.importance of evaluating patients’ OA pain characteristics e
pattern, intensity and predictability e using measures such as the
ICOAP, including the two predictability items.
Based on both qualitative9 and quantitative25,26 studies to date,
knee OA symptoms are thought to progress through stages, with
intermittent pain initially triggered by activity (predictable inter-
mittent pain), later becoming more constant in nature, and ﬁnally
being characterized by unpredictable episodes of intense pain
(intermittent unpredictable pain) on a background of constant
pain9. In a large knee OA cohort in the US, radiographic progression
of knee OA correlated with a shift from intermittent pain alone to
combined intermittent and constant pain25,27. Although our data
was cross-sectional in nature, the knee pain patterns reported by
participants in our study are also consistent with this trajectory;
virtually all participants reported intermittent knee pain, while far
fewer reported constant pain. Those who did report constant pain
almost always reported concomitant intermittent pain. Further,
frequent predictable intermittent pain was almost twice as com-
mon as frequent unpredictable knee pain. Additional research in
larger and different populations is warranted to understand the
factors that lead to a shift or progression of knee pain along this
trajectory from intermittent to constant pain, and to elucidate
potentially modiﬁable factors that lead to unpredictable intermit-
tent knee pain.
A recent 4-week cohort study, involving subjects with ﬁve
rheumatic diseases (including knee OA) in seven countries and
assessments using four generic measures (pain, patient’s global
assessment, functional disability and physician global assessmente
all normalized to a 0e100 score with higher scores worse), per-
formed by Tubach et al.28 (2012), recommended the use of a PASS
value of 40 out of 100. Our ﬁndings are consistent with their
recommendation; cut-off values for PASS were 47.9/100 and 37.5/
100 for the intermittent and constant subscales, respectively.
Smaller values determined for the ICOAP total, which is the sum of
intermittent and constant subscales, may be explained by the fact
that majority of patients did not report constant pain. To our
Table III
Results of ROC curve analyses: area under the curve and optimal cut-points for
discriminating patient with and without an Acceptable symptom state
Independent variable Dependent variable ¼ symptom state
(acceptable vs unacceptable)
Area under the
curve (95% CI)
Threshold
score
Sensitivity (95%CI)
Speciﬁcity (95%CI)
ICOAP scores (/100)
Intermittent score 0.75 (0.65e0.84) 47.9 85% (78e92%)
60% (47e74%)
Constant score
All participants 0.71 (0.62e0.80) 37.5 81% (73e89%)
55% (40e68%)
Those without non-zero
values at T1 (n ¼ 62)
0.74 (0.62e0.87) 52.5 90% (77e100%)
55% (39e71%)
Total score 0.78 (0.69e0.86) 26.1 67% (57e78%)
75% (62e85%)
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pain predictability in knee OA.
The low prevalence of constant knee pain overall, as well as the
numbers with very severe constant knee pain, precluded us from
examining with conﬁdence the additive impact, if any, of constant
knee pain to patients’ symptoms state acceptability. However, our
results suggest that both types of knee pain (constant and inter-
mittent) contribute to the overall impact of knee OA. Unadjusted for
other factors, participants who reported their knee symptoms as
unacceptable were almost twice as likely to have any constant pain.
Further, in our ROC analysis, the sensitivity to detect individuals
with an unacceptable symptom state was higher when ICOAP
subscale scores were considered separately thanwhenwe used the
composite ICOAP total score. While larger studies that include in-
dividuals with both types of knee OA pain, and across the range of
scores, are warranted, our ﬁndings support the consideration of
constant and intermittent knee OA pain as separate constructs in
future research studies. Further, based on our ﬁndings, we recom-
mend that among subjects who report intermittent knee pain, the
frequency with which the pain is predictable and unpredictable be
evaluated through administration of the two ICOAP predictability
items. Greater understanding of the causes and consequence of
knee OA pain, and thus development of effective interventions, is
likely to be enhanced by this approach. For example, pharmaco-
logical and non-pharmacological OA therapies may differentially
impact intermittent and constant pain, or predictable vs unpre-
dictable intermittent knee pain. If so, characterization of patients’
pain phenotype, using measures like the ICOAP, may be useful in
targeting therapies to those most likely to beneﬁt.
Strengths of this study include its focus on community-based
individuals with knee OA and comprehensive assessment of knee
OA pain, including, for the ﬁrst time, the predictability of knee pain.
However, there are also some limitations in addition to those
already noted above. First, we included only subjects with knee OA.
Thus, our results may not be generalizable to individuals with hip
OA. Prior research suggests there are systematic differences be-
tween hip and knee OA pain13. Second, the relatively small number
of participants who reported their symptom state as unacceptable
reduced our power to examine the effect of multiple variables of
interest simultaneously. Thus, in addition to potentially under-
estimating the impact of constant OA pain on symptom state
acceptability, we may also have under-estimated the effects of
participant characteristics, and could not examine for the effects of
psychosocial factors. Finally, because ORs do not approximate
relative risks (RRs) well when the baseline risk is high, as in our
study, we may have overestimated the associations betweendifferent types of pain measured by ICOAP subscales and PASS29.
Conﬁrmation of our ﬁndings in larger studies is warranted.
In conclusion, in a community cohort with symptomatic knee
OA, we found that both intermittent and constant knee pain
contributed to symptom state acceptability. Further, controlling for
the severity of intermittent knee pain, symptom state acceptability
was lower for those whose intermittent pain was frequently un-
predictable. Further research is warranted to elucidate potentially
modiﬁable determinants of different pain patterns in people with
knee OA, in particular factors that predict unpredictable severe
intermittent knee pain.
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